The effects of neighbourhood characteristics in this study were largely explained by individual socioeconomic variables.
Introduction
Depression is one of the major causes of ill-health and disability throughout the world 1, 2 . The fact that prevalence of depression varies considerably between urban and rural populations 3 and between countries [4] [5] [6] suggests that environmental factors, including characteristics of the area of residence, can affect the prevalence of depression over and above individual level risk factors. The association between individual socioeconomic status and mental illness, morbidity or disability is well established. Low socioeconomic position is associated with higher rates of psychiatric morbidity and disability including depression and depressive symptoms. [7] [8] [9] [10] [11] [12] [13] The association between depression and various measures of socioeconomic position was recently summarized in a meta-analysis by Lorant et al 7 who used results from 60 prevalence, incidence and persistence studies. The effect of area-level socioeconomic characteristics on mental disorders has been studied much less frequently than the effect of individual factors. Nevertheless, over the recent decades there have been several multilevel studies on this topic. 8, [14] [15] [16] Most of these studies have shown an association between neighbourhood SES and depression or depressive symptoms [14] [15] [16] [17] [18] , although some studies found no association after adjusting for individual-level socioeconomic factors 19, 20 . Two longitudinal studies 21, 22 reported that the SES of neighbourhood was associated with incidence of depression independent from individual socioeconomic status and other individual risk factors. Multilevel studies, combining individual-level and area-level characteristics, usually assume that these variables independently affect health outcomes. However, area-and individual-vidual-level variables may differ by area-level characteristics and, conversely, the effects of area-level characteristics may differ by individual-level variables. It is not common in studies of depression (or mental health in general) to assess such interaction. The interaction between individual and neighbourhood-level socioeconomic factors were assessed by Yen and Kaplan 21 but no interaction effects were found. Stafford, in the analysis of mental health in Whitehall II participants, 18 reported non-significant interaction between neighbourhood deprivation and individual occupational class. As shown above, virtually all of the existing research on social and economic factors and depression came from Western Europe and Northern America. Given the background of profound societal transformation, social factors -both individual and area-based -may be particularly important determinants of depression in Central and Eastern Europe. 24 To our knowledge, the Czech part of the Health, Alcohol and Psychosocial factors In Eastern Europe (HAPIEE) study is the first study in the region with sufficient data to investigate the effects of both individual and area level socioeconomic characteristics on mental health. The aim of this study is to examine the association between neighbourhood socioeconomic characteristics and depressive symptoms, and the role of individual factors in such a relationship, in random sample of urban middle-age population in 6 centres in the Czech Republic.
Methods

Study populations and study subjects
The data come from the The study has been described in detail elsewhere 25 . Briefly, men and women aged 45-69 years, stratified by gender and 5 year age groups and randomly selected from population registers, were invited to participate. The subjects were visited at home and asked to complete a structured questionnaire. From 8856 individuals who completed questionnaire (16260 individuals invited; response rate 55 %), 589 individuals were excluded because of missing data on depressive symptoms. Further, there were 485 people without small area identification (incomplete address or address that was not matched with information in address database in the Czech Statistical Office). These people were also excluded from the analyses. There were further 223 individuals with proper small area identification but Census data for these areas were not provided by the Czech Statistical Office due to confidentiality issues (areas too small and individuals could possibly be identified). Thus there were 7616 individuals with CESD data and valid small area socioeconomic characteristics in 220 small areas obtained from Census (the population size of small areas ranged between 181 and 10,336 with median 1,536). These individuals were used in the present analyses.
Individual-level variables
Participants completed a structured questionnaire covering health, socioeconomic factors and health behaviours and underwent a short examination in a clinic. Depressive symptoms were measured by the Centre for Epidemiologic Studies Depression (CESD) questionnaire 26 . The instrument, which has previously been used and evaluated in the Czech Republic 27 , consists of 20 self-reported questions about presence of symptoms in the past week, and the total score range between 0 and 60. The depression score was calculated if at least 16 out of 20 questions were answered. If fewer than 20 questions were answered (but at least 16), the score was recalculated to , completed secondary education (with completed A-levels equivalent) and university education (a completed degree). Material deprivation was assessed by three questions about how often the subject's household had difficulties to buy enough food or clothes and to pay bills for housing, heating and electricity. The possible answers were 'never', 'rarely', 'sometimes', 'often' and 'always'. These responses were coded as 0, 1, 2, 3 or 4, and a deprivation score was calculated as their sum. Material deprivation score was used as categorical variable in statistical analysis: 0 (no deprivation), 1-2, 3-5, 6-12 (high deprivation). Household amenities score was based on ownership of the following items: microwave, video recorder, colour television, washing machine, dishwasher, car, freezer, cottage for holidays or weekends, camcorder, satellite or cable TV, telephone and mobile phone. The score, ranging from 0 to 12, was calculated if at least 10 out of 12 questions were answered; if fewer than 12 questions were answered (but at least 10), the score was recalculated to have values between 0 and 12 (calculated as mean score from valid answers and multiplied by 12). The score was split into four groups in the statistical analysis: those who owned 4 items or less, those with less than 7 items, those with less than 9 items, and those with 9 or more items. Occupational status was classified as currently employed, self-employed, working pensioner, pensioner, unemployed, staying at home (housewife) or farmer. In addition, currently employed were asked what is their current position at their main employment, and their answers were dichotomised into manager/supervisor with any inferiors and employee without inferiors. Physical activity was assessed by a question "How many hours during a typical week do you engage in sports, games or hiking?" Smoking status was assessed as current smoker, past smoker and never smoker. Alcohol consumption was measured by the graduated frequency method: how often during the past 12 months did the subjects drink more than X amount of alcohol. As describe elsewhere 31 , from the graduated frequency responses we calculated for each participant the annual alcohol and the average dose per occasion were calculated. In addition, history of diabetes, cancer and CVD (myocardial infarction, angina, stroke) and the number of visits to doctor in last 12 months (categorized into 0 visits, 1-2 visits, 3-6 visits, 7 and more visits in last 12 months) were also used as covariates.
Area-based measures
We used data from the 2001 Census, obtained from the Czech Statistical Office. The addresses of the survey subjects were linked with the Census database and subjects were assigned an ID number of small geographical area (the Census enumeration district). Using this area ID number, the survey subjects were linked with two area characteristics derived from the Census: the proportion of university educated persons and the proportion of unemployed from the economically active population.
Statistical analysis
We firstly cross-tabulated the data and conducted simple bivariate analyses, including correlations between different area characteristics and between area-based and individual level variables. The primary outcome variable in the main analyses was the binary indicator of depressive symptoms, derived from the CESD score (using the cut off point of 16).
To assess relationship between depressive symptoms and their predictors, we first inspected the scatter plots of the prevalence of depressive symptoms against area-based variables.
For the formal analysis of the association between depressive symptoms and small area characteristics, we used multilevel logistic regression to take into account the clustering of persons in areas. To allow for potential non-linear relationship, areas were divided into quartiles by their socio-economic characteristics. We estimated three models: first, we adjusted the effects of area characteristics for age, sex and town (model 1); second, we further adjusted for history of CVD, diabetes and cancer, visits to doctor in the last 12 months, smoking, alcohol consumption, and physical activity (model 2); finally, we added individual level socioeconomic characteristics (model 3). We also present the final model with all variables significantly associated with depressive symptoms. Throughout the analyses, the quantitative variables, such as mean dose of alcohol, were categorised into several groups, including a separate category for missing values and to keep as many individuals as possible in the analysis. Contribution of different variables to the fit of the model was assessed by the likelihood ratio test. Although women had slightly higher rates of depressive symptoms and differed somewhat from men in several socioeconomic indicators, there were no statistically significant interactions between gender and any socioeconomic variable in the effects on depressive symptoms. Men and women were 
Results
The mean CESD score was 9.2 in men and 11.4 in women, and the prevalence of depressive symptoms was 14 % in men and 24 % in women. Women tended to have slightly higher scores of deprivation and slightly lower levels of education and occupational status. Descriptive characteristics of the subjects are shown in table 2. There were 220 small areas, and the small-area socioeconomic characteristics are also shown in table 2. Two small area characteristics were associated in the expected direction, with correlation coefficient r = -0.53. Table 3 shows the effects of the main individual level socioeconomic characteristics on depressive symptoms after adjustment for age, sex and town. Education, deprivation score, household amenities, occupational status and marital status were all significantly associated with depressive symptoms; again, all associations were in the expected direction. Those who were less educated, deprived, unemployed or unmarried were more likely to report depressive symptoms. Figure  1 shows the ecological correlations between the prevalence of depressive symptoms and socioeconomic characteristics of the small areas. The figures show that both associations are in the expected direction but they also show the extent of the variations in depressive symptoms and in social characteristics among the small areas. The results of logistic regression, assessing the association between small area characteristics and depressive symptoms, are shown in table 4. In models adjusted for age, sex and town, proportion of university educated was significantly associated with depressive symptoms in the expected direction and a graded fashion (model 1) but proportion of unemployed was not (the association was in expected direction but was very weak). Table 6 shows the differences in odds of depressive symptoms between study centres. The differences between centres have been reduced in every step of the analysis and were almost totally explained in final fully adjusted model. The odds of depression were slightly higher in Jihlava but this difference was not significant. The odds of depression in other 5 centres were almost identical.
OR (95% CI)
In addition, we also tested for interactions between individual-level and area-based variables, but we did not identify any significant interaction (not shown in table).
Discussion
To our knowledge, this large population-based study is the first in Central and Eastern Europe which assessed the association between depressive symptoms and small area socioeconomic characteristics. We found that depressive symptoms were associated with socioeconomic characteristics at the individual level and (at least partly) with our area-based measures. However, controlling for individual-level socioeconomic indicators mostly eliminated the effects of area based measures. We found no evidence for interactions between individual-level and small area-level variables. In Western Europe and North America, depression is typically more common in lower socio-economic groups 7 . Our results, and the HAPIEE pilot study 32 , are consistent with this pattern.
The higher rates of depressive symptoms in unmarried than married people (particularly among widowed individuals), are also consistent with studies in other populations 33 as are the increased rates of depressive symptoms in unemployed individuals 9 . Interestingly, although education was previously found to predict well other health outcomes 34, 35 and parasuicide, psychiatric care and completed suicides 36 in Central and
Eastern Europe, and although it was strongly associated with depression in the simple models in this study, its effect totally disappeared in the multivariate models. This was largely due to the inclusion of other socioeconomic variables such as deprivation or ownership of household amenities into the model. It is likely that the effect of education on depressive symptoms reflects its role of a proxy measure for other, more recent, socioeconomic exposures; in our earlier analyses, we found that depressive symptoms are associated with current social disadvantage but not with measures of earlier socioeconomic status, such as education or childhood circumstances 37 . The potential effects of area-based measures of socioeconomic disadvantage on depressive symptoms were the primary focus of these analyses. These effects were present (at least partly) in age-sex adjusted analyses but they were reduced and became insignificant when adjusted for individual level variables. The proportion of university educated subjects in the neighbourhood remained weakly (although not statistically significantly) associated with depressive symptoms. Interestingly, individual characteristics also explained the considerable differences in depressive symptoms between the participating towns. This suggests that our individual-level indicators included the important ones. Our principal findings on area effects are consistent with most previous studies [38] [39] [40] , although two studies have reported effects of neighbourhood SES on depressive symptoms which persisted in models controlling for individual-level SES 41, 42 . It has been suggested that the effects of area-level variables may reflect weaknesses of individual-level model 43 , such as missing important variables. As noted above, the wide range of individual-level variables was included in our analysis may have contributed to the virtually complete elimination of area effects. The absence of interactions between individual-level and small-area level socioeconomic variables is also in agreement with most of previous studies 21, 38 . Several limitations of the study need to be considered. Firstly, although the CESD scale is an internationally recognised, extensively used and validated instrument 44 , it is not a measure of clinical depression. It has relatively low specificity 45 . Participants with scores above the threshold of 16 points thus Table 5   Table 6 . Odds ratio (95% CI) of depressive symptoms by study centres in several levels of adjustment.
some personality characteristics, for example high negative affectivity 47 . The CESD measure is therefore not specific to major depression. Second, non-response bias must be considered. The findings may be partly influenced by response rate of the study. The overall response rate was below 60 %. Additional subjects were removed from the analysis because they could not be linked with geographical area or they did not answer some key questions needed in this analysis. In general, people who participate in health studies are on average healthier than those who do not. Thus, the rates of depressive symptoms in our study are probably underestimated. However, the non-response bias should not affect the association between depressive symptoms and socio-economic factors within the study. Third, it is possible that the selected urban centres were not entirely representative of the whole country, although official data suggest that the participating towns cover a representative range of Czech towns. For example, while Havirov/Karvina and Usti nad Labem are industrial towns with high levels of unemployment, Hradec Kralove is relatively prosperous university town with low unemployment; Liberec is regional centre with healthy industry while Jihlava and Kromeriz are smaller towns; Jihlava is regional centre of relatively poor highland region while Kromeriz is part of a prosperous agricultural and industrial region with low unemployment. It seems likely that our centres represent well the urban population of the country. Fourth, depressive symptoms and the covariates were self-reported in a cross-sectional survey. Some of the explanatory variables are (at least partly) subjective, such as material deprivation. It is therefore possible that some cross-contamination between reporting of depressive symptoms and explanatory variables (either main socioeconomic exposures or possible confounding variables) may have occurred, which might have led to overestimation of the strength of the relationships between depressive symptoms and the exposures. On the other hand, this bias should not affect the associations with areabased measures, particularly those from the Census, because they are based on reports on many persons and, in the case of Census, were collected at different point of time.
As this study is cross-sectional, the uncertainty about the causality of the associations is higher than in a longitudinal design. Alternatively, self selection of people with higher score of depressive symptoms into low SES areas is possible, e. g. because of downward mobility, and thus depressive symptoms would affect individual socio-economic measures more than their neighbourhood SES characteristics. Although this is unlikely, we need to be careful when drawing conclusions from such type of a study.
In conclusion, depressive symptoms in this Central European urban population were associated with a number of socioeconomic characteristics and with several area-based measures of socioeconomic disadvantage. Despite the wide variation in small area characteristics, the area effects were almost entirely explained by individual-level variables. This suggests that the effect of neighbourhood-level socioeconomic characteristics was, in this population at least, compositional, i. e. reflecting the socioeconomic composition of the individuals in this study. Prospective studies and studies in other countries of the region would be needed to assess the influence of individual and small area-level effects of socioeconomic factors on depression in post-communist countries.
